Abstract-Taking a full-duplex (FD) technique into account, a design of cooperative cognitive radio networks (CCRN) is addressed. The FD communication in the CCRN is enabled by employing simultaneous transmitting and receiving antennas for the secondary users. From the preliminary results via numerical evaluation, it is expected that the proposed FD multiple-input-multiple-output CCRN framework can provide a performance gain over the conventional CCRN frameworks.
I. INTRODUCTION
Cognitive radio network (CRN) can provide high bandwidth to mobile users, especially in heterogeneous wireless architecture [1] , [2] . However, management of spectrum resource between primary users (PUs) and secondary users (SUs) becomes a difficult problem when the fluctuation of the available spectrum causes uncertainty of the SUs' usage of the frequency band [3] . Due to this uncertainty of the SUs, the original CRN has failed to gain sufficient interests.
In this paper, by enabling the full-duplex (FD) mode [4] with two simultaneous transmitting and receiving (STAR) antennas for each SU, we design the structure, and provide some performance characteristics, of the cooperative cognitive radio network (CCRN) [5] .
II. CHANNEL MODEL
Consider a CCRN framework adopting multiple-inputmultiple-output technique (MIMO-CCRN) with one primary link (PL) and one secondary link (SL), where each primary user (PU) employs one legacy antenna and each SU employs two STAR antennas.
In the framework, one communication time frame is composed of two phases. Over the first phase, one PU denoted as the primary transmitter (PT) transmits primary signal to the relaying SU denoted as SU C , and the SU C receives the secondary signal from another SU denoted as SU N and transmits its own secondary signal to the SU N simultaneously. In the next phase, the SU C transmits primary signal to the other PU denoted as the primary receiver (PR). The SU C at the same time transmits its own secondary signal to the SU N and receives simultaneously the secondary signal from the SU N .
For the FD mode to be enabled, eight channel matrices denoted as
and H NN should be considered for the channel from PT to SU C , from PT to SU N , from SU C to PR, from SU N to PR, from SU C to SU N , from SU N to SU C , from SU C to SU C , and from SU N to SU N , respectively. In particulr, we can characterize the matrices by In addition, the channel state information (CSI) is assumed known to the SUs and all the channel matrices and channel vectors are considered constant over a symbol time.
III. PROPOSED SCHEME The structure of the proposed scheme [6] is now described briefly. At every communication time frame, the system has five signals to send: Specifically, we have the signals from PT to PR, from SU C to SU N , and from SU N to SU C in the first phase, and the signals from SU C to SU N and from SU N to SU C in the second phase. We will denote the signals as s T R , s 1,CN , s 1,N C , s 2,CN , and s 2,N C , respectively. Note that the phase in which the signal is being transmitted is denoted by subscripts 1 and 2.
To transmit and receive the desired signals while eliminating interferences, adequate processing of signals should be devised. Specifically, we let
Assume also that the unit-norm matrices
and
for (X, Y, Z) = (N, T, C) and (C, N, R), t ∈ {1, 2} with W = N if X = C and W = C if X = N . The 10 signal processing matrices Ω, which can be obtained from (3)- (5) after some steps, are the key ingredients for the signal processing to remove the interference from the desired signal.
IV. PERFORMANCE OF THE PROPOSED SCHEME
Let us now briefly investigate the performance of the proposed FD MIMO-CCRN framework by comparing the achievable rate of the proposed FD MIMO-CCRN framework with that of the conventional MIMO-CCRN framework via numerical evaluation and that of the conventional CCRN frameworks with three time phases. Here, in the conventional CCRN frameworks with three time phases are also taken into consideration, the first phase is used for the SU C to receive primary signals from the PT and the second phase is used for the SU C to transmit primary signals to the PR. The achievable rates of the proposed FD MIMO-CCRN framework, conventional MIMO-CCRN framework, and conventional CCRN framework can be calculated from (2)-(5) and from the results of previous studies [7] , [8] , respectively.
In comparing the achievable rates of the proposed and conventional frameworks via numerical evaluations, we assumed Rician channels. In Fig. 1 , we have shown the achievable rates of the SL with varying Rice factor K ∈ [0, 20] for the proposed and conventional frameworks, where K is the Rice factor of the channels except for the self-interference channel. The Rice factor of the self-interference channels is set to the most common value of 5 in nature. Here, the signal-to-noise ratio (SNR) is defined as SN R = P 2σ 2 c , where P and σ 2 c denote the power of transmitted signal and variance of noise, respectively. It is clear from Fig. 1 that the proposed framework significantly increases the achievable rate of the SL, approximately by a factor of two, when K is small.
V. CONCLUSION
We have concisely considered the performance characteristics of a novel MIMO-CCRN framework with FD operation. It is shown that the framework cam provide a performance improvement when compared with the conventional CCRN frameworks. Some preliminary results are provided via numerical evaluations in Rician fading channels with full CSI. It is observed that, compared with the conventional MIMO-CCRN framework, the proposed framework can increase the achievable rate of the SL approximately by a factor of two.
